. The findings pertinent to this study are:
(1) The natural abundance of stratospheric ozone is largely determined by the balance between formation from solar radiation and destructiQn by the oxides of nitrogen (NO and N02, or NO x ) . One point (+) in Figure 1 corresponds to the reduction in ozone caused by doubling the amount of nitrous oxide (N 2 0) in the atmosphere (Vupputuri, 1974 ). An ozone reduction of 19 percent was found. This finding and conclusion (3) above suggest that the simple general equation
giving global ozone reduction can be expressed in terms of nitrous oxide, the primary source of stratospheric NO x . (McElroy, 1975; Burns and Hardy, 1975) .
."
The thermodynamics of nitrogen fixation w'as reviewed by Safrany (1974) , and he emphasized that thermodynamic work must be supplied to
• bring about the fixation of nitrogen. In terms of thermodynamic possibility~ there is one long re~ognized exception to this energy requirement. Air and water are unstable with respect to becoming dilute aqueous nitric acid (Lewis and Randall, 1923) .
At chemical equilibrhlm at 298°K, the pressure of oxygen at sea level would be reduced to about 0.02 atmosphere, and the pH of the oceans would be about 1.5. Fortunately, the atmosphere and ocean are not in equilibrium with respect to this process. As Lewis and Randall (1923, p. 568) remarked: "It is to be hoped that nature will not discover a catalyst for this reaction, which would permit all of the oxygen and part of the nitrogen of the air to turn the oceans into dilute nitric 
The values of ~ and B are expected to be different for different modes of application of nitrogen fertilizer.
This analysis is not restricted to nitrogen fertilizer. Other modes of nitrogen fixation, legumes, combustion, lightning, etc. can be discussed in terms of the fraction B that is denitrified within a few decades and the fraction a of denitrified gases that is N 2 0.
Natural Atmospheric Nitrous Oxide
In an oversimplified way, one can write a differential equation for the global nitrous oxide inventory, N 2 0:
where liT is the average first-order rate cqnstant for nitrous oxide destruction, or T is the "residence time" of nitrous oxide. If the production rate P N ° and the destruction rate constant liT remained 2 constant over a long period of time, the nitrous oxide inventory would reach a steady-state.
Presumably the present nitrous oxide inventory is at or close to its st:e;ldy-statl' achieved over geological time per.iods. The l11ugnttude of the jnventory is known, and ;18 slated before it :is about 1300 MT (N).
The residence time T of nitrous oxide can be estimated in various
ways. An upp(~r limi t on the t.ime can be placed by consideration of the stratospheric photolysis and reactions of nitrous oxide. From the measured (Ehhalt, 1975 ) distribution of nitrous oxide in the stratosphere, from measured cross sections for ultraviolet radiation (Johnston ... and Selwyn, 1975) , and from measured rate constants for reactions of nitrous oxide with singlet oxygen atoms (Davidson et a1., 1976) , I
r:
calculate that the maximum lifetime T of N 2 0 is about 160 years. The perturbed production rate ~PN ° ·is related to the perturbed rate of 2 nitrogen fixation. A strict, detailed account would find this relation to be exceedingly complicated. However, a gross first-order approximation is valuable in identifying the important independent variables, and such a simplified relation has been given as Equation 7 (7) where NF is the rate of fixation of nitrogen in the natural background situation, NF + ~NF is the rate of nitrogen fixation after a step-function perturbation is carried out, B is the fraction of fixed nitrogen that is denitrified within a few decades, and a is the average fraction of denitrification that leads to nitrous oxide. To realize Equation 7 one must consider times long compared to the denitification time l D ; and to . realize Equation 11, one must consider times long compared to 1 plus 1}).
Equations 7 and 9 can be substituted into Equation 11 to give (12) Thp natural inventory N 2 0 is known, and the increased rate of nitrogen fixation can be specified to assess its effect. The three unknowns, where T is in years.
Of the three terms, a, S, 'I, in Equation 13, the fraction rapidly (within a few decades) denitrified S is the most difficult to assess.
There are independent physical arguments that, set limits on the other 
If all increased nitrogen fixation leads to denitrification within a few decades, then the maximum ozone reduction occurs. Otherwise the -2 reduction of ozone is less than 1.5 x 10 aT by the factor S.
For an assumed rate of increased nitrogen fixation of 100 MT (N) -1 yr ,the maximum percentage ozone reduction is presented in Table 1 However, tIl<' sJtu;JUon is not .'lS indefinite as it seems to be from Table 1. ,.
;. Thus the simple use of Table 1 (subject to restrictions of Table 2) gives very nearly the same results as those from extensive model calculations. The time to achieve the ozone reduction is the sum of the time goes into deep soil or oceanic reservoirs, the short-term ozone reductions would be less by the factor 13. Some models discussed above do not f<!Il within the solid lines of Table 3 ; and this merely illustrates that there are current disagreements with respect to details of this subject. As new information is developed, the actual situation may fall within the solid lines of Table 3 or i t may be something well· off to one side or another.
The Important Variables
Although the actual situation is exceedingly complicated and this analysis is extremely simple, it is felt that Table 1 . .
. . Table 2 , which has the same format as Table 1. A.column is added giving the implied nitrous oxide production rate P N A model can be associated with the lower limit of the nitrous oxide residence time, which is based on measurements in the atmosphere and in the ocean (Schutz et al., 1970; Junge, 1974; Hahn, 1974) . The entries in Table 2 ....
.,.1--------. . . Table'l •   Table 2 . Table Titles The maximum ( Table 1 .. ~ N F = 100 MT / yr t added to land. 
